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THIN FILM TRANSISTOR AND METHOD OF PRODUCING 



THEREOF 



AND 



LIQUID CRYSTAL DISPLAY DEVICE UTILIZING THE SAME 



TECHNICAL FIELD 



The present invention relates to a thin film transistor and a method of 
producing thereof and to a liquid crystal display device utilizing the same. 



Although the driving performance of pixels formed using amorphous 
silicon (hereinafter referred to as "a-Si") in active matrix-type liquid crystal 
display devices is sufficiently fulfilled by the aSi, an external driver circuit 
(driver) formed using single crystal Si has conventionally been used to drive 
a panel as it is difficult in terms of performance to form the driver circuit for 
the signal lines on the same substrate and by the same process. 

However, given that the mobility of a-Si is 0.5 cm 2- s _1 *V" 1 to 1 
cm 2, s 1 "V" 1 , with future increases in the number of pixels in liquid crystal 
panels, the time during which the TFT of a pixel is ON, generally 
corresponding to at most one row period, will increasingly be reduced, 
resulting in a deficiency in the performance of writing to the pixels. 

On the contrary, by fabricating pixel TFTs using poly silicon 
(hereinafter referred to as "p-Si"), the performance of the charging of the 
pixels improves because the mobility of this TFT is higher than that of a 



BACKGROUND ART 



First Background Art 



TFT fabricated using a-Si by a factor of 10, 100, or more. Therefore, as the 
development of high definition liquid crystal panels progresses, it will be 
advantageous to form pixel TFTs of p-Si (FPD Expo Forum 97, 2-14). 

Generally, there are two types of structures of p Si TFTs, a top gate 
structure wherein the gate electrode is located on the upper side of the 
channel layer and a bottom-gate structure wherein the gate electrode is on 
the substrate side of the channel layer. The top gate structure has an 
advantage over the bottom-gate structure in terms of miniaturization, as it 
is possible to fabricate a top-gate TFT having a small parasitic capacitance 
by doping the TFT with impurities in a self- aligned manner using the gate 
electrode as the mask. 

When a top -gate TFT is used in, for example, a liquid crystal display 
device and light is applied from the rear surface of the TFT, the channel 
region of the TFT is irradiated directly by the backlight light. With the 
irradiation of the channel region by the light, there is the problem of 
generation of photoconductive current in this region, resulting in an 
increase in OFF current. 

The mechanism of the generation of photoconductive current in 
semiconductors has been introduced in many articles (for example, Tanaka 
Kazunobu, ed., Amorufasu Handotai no Kiso (The Basics of Amorphous 
Semiconductors), 1982), the focus being on solar cells and the like. 
However, treatments of the mechanism of the generation of photoconductive 
current in p Si TFTs are few. 

The generation of photoconductive current is generally observed in the 
form of carrier recombination current that, when an electric field is being 



applied, occurs with the creation of electron -hole pairs through the bandgap, 
the drifting of the electron-hole pairs in response to the electric field, and 
the increase in majority carriers in each respective region. Under the 
condition of reverse bias, the channel region, which is below the gate 
electrode, is such that holes are induced into the area directly below the 
channel, but the concentration of these carriers is extremely low. On the 
drain side, it is estimated that the carrier density of electrons, the majority 
carriers in this region, is approximately 10 16 /cm 3 to 10 18 /cm 3 when the sheet 
resistance of the n-region is in the range of from 20 k£2/D to 100 k£2/CL 
Accordingly, the electrons, which are the majority carriers in the n-region, 
move toward the channel side and diffuse to form a diffusion potential Vd. 
It should be noted that Wd represents the width of the depletion layer. 

By irradiation with light, electron hole pairs are generated in this 
depleted region. The generated electron-hole pairs are both attracted to 
the electric field such that the electrons migrate in the direction of the drain 
and the holes migrate in the direction of the channel. The electrons having 
migrated to the drain side and the holes having migrated to the channel 
side recombine and disappear at each respective region. The electric 
charge consumed by this recombination is supplied from the source and the 
drain electrodes respectively and is observed as photoconductive current. 

When the OFF current is increased (degradation of OFF 
characteristics) due to such photoconductive current, the following problems 
arise. 

Image quality degradation caused by the degradation of OFF 
characteristics takes the form of luminance gradation and crosstalk. As 



shown in Fig. 38(a), luminance gradation is caused by differing 
current/luminance characteristics of the liquid crystal in the upper portion 
and lower portion of the screen, resulting in a discrepancy in the luminance 
of the upper portion and lower portion of the screen. Crosstalk, on the 
other hand, is an occurrence as shown in Fig. 38 (b) wherein when a black 
box pattern is displayed in the central portion of white, the black image 
leaves a tail in the vertical or horizontal directions. In addition, other 
occurrences of degradation of OFF characteristics such as an increase in 
flicker and the generation of unevenness in luminance have a considerable 
effect on image quality. 

Second Background Art 

Because p-Si TFTs have high mobility, it is possible to form both active 
matrix elements and part or the whole of the signal driver circuit on a glass 
substrate in the screen. However, compared with a-Si TFTs and MOS field 
effect transistors, p-Si TFTs have the drawback of a large OFF current. 

In order to reduce this OFF current, a method is carried out, as 
disclosed in Japanese Unexamined Patent Application Publication 
H5- 136417, wherein a low concentration impurity region (LDD region) is 
provided adjacent to at least one of the source region and the drain region of 
the TFT (the first prior art method). 

As another method of forming LDD regions, a method of controlling the 
presence of TaOx in LDD regions has been disclosed (Euro Display, '96, p. 
547, the second prior art method). 

As for the mechanism that makes LDD regions effective for reducing 
the OFF current, it is thought that, as is disclosed in the Japanese 



Unexamined Patent Application Publication 5*136417, the electric field 
across the junctions of the channel/LDD regions is reduced in comparison to 
cases where LDD regions are not provided because the LDD regions have a 
resistance higher than that of the drain region. 

In both the two methods described above, portions having differing 
doping concentrations are formed by the presence or absence of TaOx by 
aligning the LDD regions with a mask or by the presence or absence of a 
resist film. In these methods, in order to be certain that LDD regions are 
obtained, it is necessary to ensure that the length of the LDD regions is a 
length equal to or greater than the dimensional tolerance of the mask 
alignment. 

In contrast to these methods, there is a third prior art method, as is 
described in Japanese Unexamined Patent Application Publication 
H7- 140485, wherein LDD regions are formed self-aligned to the gate 
electrode. According to the present method, Al oxide layers are formed on 
side surfaces of the gate electrode by carrying out anodic oxidation on the Al 
that is to become the gate electrode, and an n-type or p-type impurity 
element is introduced using this as a mask, making it possible to fabricate 
lightly doped layers having a thickness approximately equal to that of the 
source region, the drain region, and the oxide layers on the side surfaces of 
the gate electrode. 

By employing this method, it is made possible to form LDD regions 
self-aligned to the gate electrode, eliminating the need for a mask in 
forming the LDD regions and to form regions having a high impurity 
concentration to a fairly short length of from 0.1 jim to 0.5 pm, which 



corresponds to the thickness of the oxide present on the side surfaces of the 
anodically oxidized Al. 

Although the LDD structure is highly effective for the reduction of OFF 
current, there is, in the ON state, in which current flows through the 
channel below the gate electrode of the TFT, the drawback of a drop in ON 
current because the LDD regions, comparatively high resistance layers, are 
inserted in series with the channel region. 

LDD regions essentially have a higher resistance than those of source 
and drain regions, and there has been a tendency for the effects of this 
resistance to become very noticeable, as the characteristics of TFTs have 
improved. Thus, it is necessary that LDD regions, which are high 
resistance regions, have a length such that OFF current is sufficiently 
reduced and have a resistance value low enough to ensure a high ON 
current. 

However, at the present, there is no method for determining a 
guideline for the length of the LDD regions, making it necessary to ensure 
LDD regions having a length longer than is necessary Generally, it is 
necessary to secure LDD regions having a length longer than 1.5 pm, which 
is accordingly a cause of a drop in the ON current of a TFT. 

In addition, while employing the method described in the third prior 
art example makes it possible to form LDD regions to a fairly short length of 
from approximately 0.1 pm to 0.5 pm, in general, when the resulting TFT is 
used for a driver TFT or a pixel TFT of a liquid crystal panel, the driving 
voltage is from approximately 5 V to 15 V, fairly high voltages compared to 
common ICs. Therefore, when the length of LDD regions is from 0.1 pm to 



0.5 pm, the advantageous effect is insufficient, making it impossible to 
sufficiently reduce OFF current by the present process. 

In consideration of the foregoing problems, it is a first object of the 
present invention to provide a thin film transistor that suppresses image 
quality degradation such as luminance gradation and crosstalk and realizes 
high performance and high reliability by utilizing a structure that 
suppresses OFF current (photoconductive current) during light irradiation. 

It is a second object to provide a thin film transistor that realizes high 
performance and high reliability by utilizing a structure that, along with 
suppressing OFF current, minimizes the length of the LDD regions to 
suppress a decrease in ON current. 

DISCLOSURE OF THE INVENTION 
In order to solve the foregoing problems, a first aspect of the invention 
provides a thin film transistor comprising a poly crystalline silicon 
semiconductor layer having formed therein a channel region, a source region, 
and a drain region, the source region and the drain region disposed on 
either side of the channel region, wherein a depletion layer is formed 
between the channel region and the drain region, and the width of the 
depletion layer and photoconductive current are in a proportional 
relationship, the photoconductive current generated when the channel 
region is irradiated with light, and the width of the depletion layer is equal 
to or less than a value obtained on the basis of the proportional relationship 
so that the photoconductive current falls within a range of specified 
permissible values. 



8 

As described above, it was discovered that there is a proportional 
relationship between depletion layer width and photoconductive current, 
and based on this discovery, the keeping of photoconductive current at or 
less than a permissible value by controlling the depletion layer width was 
achieved, thereby making it possible to provide a thin film transistor that 
does not bring about image quality degradation such as luminance 
gradation and crosstalk. 

A second aspect of the invention provides a thin film transistor 
according to the first aspect wherein the relationship of expression (l) 

(1) 

(R + 30) W<A 

is satisfied, where R (kQ/D) is the sheet resistance of the drain region and 
W (pm) is the channel width of the channel region. Note that A is a 
constant determined by photoconductive current and light intensity. 

A third aspect of the invention provides a thin film transistor according 
to the second aspect wherein the relationship of expression (2) 

(2) 

OR + 30) ^<lxl0 3 

is satisfied, where R (kQ/D) is the sheet resistance of the drain region and 
W (pm) is the channel width of the channel region. 

As shown in the expressions (l) and (2) above, by means of the 
relationship between the new controlling factor (the sheet resistance of the 
drain region) and the channel width of the channel region, it is possible to 
regulate the range in which OFF current (photoconductive current) is 
suppressed during irradiation of light. Because a thin film transistor that 



satisfies the relationships of expressions (l) and (2) suppresses an increase 
in OFF current during the irradiation of light, crosstalk and luminance 
gradation are prevented, and high performance and high reHability thereby 
realized. 

A fourth aspect of the invention provides a thin film transistor 
according to the third aspect, wherein the channel width W of the channel 
region is 2 pm or less. 

The relationship of expression (2) is such that even in cases in which 
the channel width of the channel region is 2 pm or less, an increase in OFF 
current during the irradiation of light is suppressed by the sheet resistance 
R and the channel width W. 

A fifth aspect and sixth aspect of the invention provide thin film 
transistors according to the third aspect and the fourth aspect, respectively, 
wherein the sheet resistance of the drain region is in the range of from 20 
kQ/D to 100 kQ/D. 

The sheet resistance is restricted to the above range in this way since 
OFF current suddenly increases when the sheet resistance is 20 kQ/D or 
lower and ON current of the transistor decreases when the sheet resistance 
is 100 kS2/D or higher, making the operation of a panel unstable. By 
making the sheet resistance of the drain region in the range of from 20 
kQ/D to 100 kQ/D, a thin film transistor is provided wherein, while a 
reduction of OFF current is realized, a decrease in ON current does not 
occur. 

A seventh aspect of the invention provides a thin film transistor for use 
as a switching element of a liquid crystal display device, the thin film 
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transistor comprising a polycrystalline silicon semiconductor layer having 
formed therein a channel region, a source region, and a drain region, the 
source region and the drain region disposed on either side of the channel 
region, wherein a low concentration impurity region having an impurity 
concentration less than that of the source region and the drain region is 
formed in at least one of a region between the source region and the channel 
region and a region between the drain region and the channel region, and 
the length AL of the low concentration impurity region is 1.0 pm or less, the 
luminance of a backlight of the liquid crystal display device being 2000 
(cd/m 2 ) or higher. 

In this way, by forming a low concentration impurity region, the 
spreading of the depletion layer is kept within the range of the low 
concentration impurity region, which has a length AL of 1.0 pm or less, and 
a thin film transistor in which photoconductive current (OFF current) does 
not increase is realized. 

An eighth aspect of the invention provides a thin film transistor 
comprising a polycrystalline silicon semiconductor layer having formed 
therein a channel region, a source region, a drain region, and a low 
concentration impurity region having an impurity concentration less than 
that of the source region and the drain region, the source region and the 
drain region being disposed on either side of the channel region and the low 
concentration impurity region being formed in at least one of a region 
between the source region and the channel region and a region between the 
drain region and the channel region, the thin film transistor wherein, the 
relationship of expression (3) 
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(3) 

AL>(W-Vlc)/36 

is satisfied, where AL (pm) is the length of the low concentration impurity 
region, Vic (V) is the source-drain voltage, and W (jam) is the channel width 
of the channel region. 

By the satisfying of such a relationship, when the thin film transistor 
is OFF, a reduction in OFF current is realized because the low concentration 
impurity region becomes a high resistance layer that is drained of carriers. 
In addition, a guideline for the length of the LDD region can be determined 
from the expression (l), eliminating the need to ensure an LDD region 
having a length that is longer than necessary for the reduction of OFF 
current. 

A ninth aspect of the invention provides a thin film transistor 
according to the eighth aspect wherein the relationship of expression (4) 

(4) 

AL<1.5(W/L) 

is satisfied, where L (pm) is the channel length of the channel region. 

By further satisfying such an expression, when the transistor is on, 
electrons that serve as carriers gather in the low concentration impurity 
region under the gate electrode in response to the electric field of the gate 
electrode and a reduction in ON current does not occur. Thus, it is made 
possible to hold OFF current to a small value while ensuring sufficient ON 
current. 

A tenth aspect of the invention provides a thin film transistor 
according to the ninth aspect, wherein the channel width W (pm) of the 
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channel region is 2 pm or less. 

In this way, by regulating the length AL of the low concentration 
impurity region, a decrease in ON current does not occur while a reduction 
in OFF current is realized. 

An eleventh and twelfth aspect of the invention provide thin film 
transistors according to the ninth aspect and tenth aspect, respectively, 
wherein the sheet resistance of the low concentration impurity region is in 
the range of from 20 kQ/D to 100 kQ/D. 

A thirteenth aspect of the present invention provides a thin film 
transistor according to claim 11, wherein the low concentration impurity 
region is formed only in the region between the drain region and the 
channel region. 

The provision of a low concentration impurity region is essentially for 
the purpose of relaxing the effect of the electric field on the drain region, 
and from this standpoint, it is not necessary to provide a low concentration 
impurity region in both the drain region and the channel region. 
Supposing a low concentration impurity region is formed in at least one of a 
region between the drain region and the channel region and a region 
between the drain region and the channel region, it is made possible to 
reduce the area of the thin film transistor. 

A fourteenth aspect of the invention provides a liquid crystal display 
device comprising a liquid crystal panel portion comprising thin film 
transistors serving as switching elements, each of the thin film transistors 
being a thin film transistor of claim 1 and a backlight portion for supplying 
fight from a rear surface side of the liquid crystal panel portion, wherein the 
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relationship of expression (5) 

(5) 

£R+30)-B'W<C 

is satisfied, where R (kQ/D) is the sheet resistance of the drain region, B 
(cd/m 2 ) is the luminance of the backlight portion, and W (pm) is the channel 
width of the channel region. It should be noted that C is a constant 
determined by the photoconductive current. 

A fifteenth aspect of the invention provides a liquid crystal display 
device according to the fourteenth aspect, wherein the relationship of 
expression (6) 

(6) 

(R + 30)B W<lxl0 6 
is satisfied, where R (kQ/D) is the sheet resistance of the drain region, B 
(cd/m 2 ) is the luminance of the backlight portion, and W (jim) is the channel 
width of the channel region. 

A sixteenth aspect of the invention provides an EL display device 
comprising a light-emitting layer and a counter electrode formed thereon, 
the light-emitting layer being on a pixel electrode upper layer formed on a 
substrate having thin film transistors, the display device wherein, each of 
the thin film transistors is a thin film transistor of claim 1, and the 
relationship of expression (5) 

(5) 

(R + 30) B W <C 

is satisfied, where B (cd/m 2 ) is the light intensity of light applied to a 
channel region of each of the thin film transistors. It should be noted that 
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C is a constant determined by the photoconductive current. 

A seventeenth aspect of the invention provides an EL display device 
according to the sixteenth aspect, wherein the relationship of the expression 
(6) 

(6) 

(R + 30) B W<lxl0 6 
is satisfied, where R (k£2/d) is the sheet resistance of the drain region, B 
(cd/m 2 ) is the light intensity of light applied to the channel region, and W 
(lira) is the channel width of the channel region. 

An eighteenth aspect of the invention provides a method of producing a 
thin film transistor, comprising the steps of forming a polycrystalline silicon 
semiconductor layer on an insulating substrate, forming a gate insulating 
film on the polycrystalline silicon semiconductor layer, forming a gate 
electrode in a pattern on the gate insulating film, carrying out anodic 
oxidation by oxidizing a side surface of the gate electrode to form a metal 
oxide film covering the side surface of the gate electrode, and doping the 
polycrystalline silicon semiconductor layer with impurities, the gate 
electrode being used as a mask, wherein the thickness of the metal oxide 
film formed in the step of carrying out anodic oxidation is controlled to make 
the length AL of a low concentration impurity region formed in the step of 
carrying out impurity doping 1.0 jim or less. 

A nineteenth aspect of the invention provides a method of producing a 
thin film transistor, comprising the steps of forming a polycrystalline silicon 
semiconductor layer on an insulating substrate, forming a gate insulating 
film on the polycrystalline silicon semiconductor layer, forming a gate 
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electrode in a pattern on the gate insulating film, carrying out a first 
impurity doping by doping the poly crystalline silicon semiconductor layer 
with impurities, using the gate electrode as a mask, forming a masking film 
on a semiconductor region doped with impurities in the step of carrying out 
a first impurity doping, the masking film being formed in a pattern by 
anisotropic etching, carrying out a second impurity doping by doping the 
polycrystalline silicon semiconductor layer with impurities using the 
masking film as a mask so that an impurity concentration difference exists 
between a region under the masking film and regions other than the region 
under the masking film, whereby a low concentration impurity region 
having an impurity concentration lower than that of the source region and 
the drain region is formed in at least one of a region between the source 
region and the channel region and a region between the drain region and 
the channel region and by making the length of the low concentration 
impurity region 1.0 pm or less. 

A twentieth aspect of the invention provides a thin film transistor 
according to claim 19, further comprising a step of inspecting by designating 
the thin film transistor having a low concentration impurity region with a 
length AL of 1.0 Jim or less a quality product. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. l(a) and l(b) are graphs showing the relationship between the 
channel width W of a channel region in a TFT and photoconductive current 
(OFF current: Ioff), and a graph showing the relationship between 
backlight luminance and photoconductive current. 



16 



Fig. 2(a) and 2(b) are graphs showing the results of a simulation of an 
electric field when a TFT is in the OFF state. 

Fig. 3 is a graph showing the relationship between sheet resistance 
and depletion layer width obtained through a simulation. 

Fig. 4 is a graph showing the results of measuring the relationship 
between depletion layer width and photoconductive current at a sheet 
resistance corresponding to the depletion layer width, the depletion layer 
width being obtained through a simulation where W= 4 jim. 

Fig. 5 is a diagram showing an equivalent circuit of the active matrix. 

Fig. 6 is a graph showing the results of a simulation of voltage loss in a 
pixel. 

Fig. 7 is a schematic cross sectional view of a liquid crystal display 
device utilizing a thin film transistor as the pixel switching element in 
accordance with embodiment 1*1 of the present invention. 

Fig. 8 is a schematic cross sectional view of a thin film transistor in 
accordance with embodiment 1-1 of the present invention. 

Fig. 9 is a schematic plan view of Fig. 8. 

Fig. 10(a) to 10(h) are schematic cross sectional views showing a 
method of producing a thin film transistor in accordance with embodiment 
1- 1 of the present invention. 

Fig. llG) to ll(m) are schematic cross sectional views showing the 
same method of producing a thin film transistor. 

Fig. 12 is a flow chart showing the same method of producing a thin 
film transistor. 

Fig. 13 is a graph showing the voltage-current characteristics of thin 
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film transistors. 

Fig. 14 is a graph showing the variation in OFF current within the 
area of a substrate. 

Fig. 15 is a graph showing the results of a simulation of the Vgld 
characteristics of a thin film transistor with the concentration of the n- type 
region as the parameter. 

Fig. 16(a) and 16(b) are graphs showing the results of a simulation of 
an electric field when a TFT is in the OFF state. 

Fig. 17(a) to 17(g) are schematic cross sectional views showing a 
method of producing a thin film transistor in accordance with embodiment 
1-2 of the present invention. 

Fig. 18(h) to 18(j) are schematic cross sectional views showing the same 
method of producing a thin film transistor. 

Fig. 19 is a plan view showing the wiring pattern of a OMOS inverter 
that utilizes thin film transistors in accordance with embodiment 1-3 of the 
present invention. 

Fig. 20 is a diagram of the equivalent circuit of the C MOS inverter. 
Fig. 21 is a cross sectional view of Fig. 19 taken along line X X 7 of Fig. 

19. 

Fig. 21 is a cross sectional view of Fig. 19. 

Fig.22 is a graph showing the points of operation of a C MOS inverter 
during on/off when an n channel transistor is biased. 

Fig. 23(a) to 23(d) are graphs showing the results of a simulation of 
Vg-Id characteristics when the length of the LDD region, the sheet 
resistance being the parameter, is changed from 0.5 jim to 3 pm. 
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Fig. 24(a) and 24(b) show the results of a simulation of an electric field 
in a channel region and an LDD region when a TFT is in the OFF state 
(Vg=-10V and Vd=6VX 

Fig. 25(a) and 25(b) are graphs showing, in an actual TFT haying an 
LDD region, the relationship between the length (AL) of the LDD region and 
OFF current and the relationship between the length (AL) of the LDD 
region and ON current. 

Fig. 26 is a simplified cross sectional view of a thin film transistor in 
accordance with embodiment 2*1 of the present invention. 

Fig. 27 is a schematic plan view of Fig. 26. 

Fig. 28(a) to 28(h) are schematic cross sectional views showing a 
method of producing a thin film transistor in accordance with embodiment 
2-1 of the present invention. 

Fig. 29(a) to 29(e) are schematic cross sectional views showing a 
method of producing a thin film transistor in accordance with embodiment 
2*1 of the present invention. 

Fig. 30 is a flow chart showing a method of producing a thin film 
transistor in accordance with embodiment 2-1 of the present invention. 

Fig. 31(a) to 31(d) are schematic cross sectional process diagrams 
illustrating the process of forming LDD regions. 

Fig. 32 is a perspective view of a photomask and a substrate. 

Fig. 33(a) and 33(b) are plan views of the same. 

Fig. 34(a) and 34(b) are schematic cross-sectional views of a thin film 
transistor after the formation of LDD regions. 

Fig. 35 is a graph showing the voltage-current characteristics of a thin 
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film transistor in accordance with embodiment 2-1. 

Fig. 36 is a graph showing the variation in OFF current with the area 
of a substrate of a thin film transistor in accordance with embodiment 2-1.. 

Fig. 37 is a graph showing of a simulation of the Vg ld characteristics 
of a thin film transistor, the concentration of the LDD regions being the 
parameter. 

Fig. 38(a) and 38(b) are schematic diagrams illustrating luminance 
gradation and crosstalk. 

BEST MODE FOR CARRYING OUT THE INVENTION 

First Invention Group 
General Concepts of the first invention group 

After an explanation of the general concepts of the first invention 
group, the specific embodiments will be explained with reference to the 
figures. 

An object of the first invention group is to suppress photoconductive 
current when a TFT is irradiated with light. 

In order to achieve the above-mentioned object, the present inventers 
searched for parameters that have a correlation with photoconductive 
current and as a result, discovered that there is a proportional relationship 
between depletion layer width and photoconductive current. Controlling 
(reducing) the depletion layer width according to this proportional 
relationship makes it possible to keep the photoconductive current at or less 
than a permissible value and to thus provide a thin film transistor that does 
not bring about image quality degradation such as luminance gradation and 
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crosstalk. 

It should be noted that the "depletion layer width" is defined as the 
distance between the respective tangent lines of the two points of sudden 
shift in the rate of change of electric field intensity as shown in Fig. 2(a), 
which is described later. 

It has been known that there is a correlation between backlight 
luminance B and photoconductive current and between channel width W of 
a channel region and photoconductive current, and TFTs have been 
designed based on these two control parameters. However, for the 
suppressing of photoconductive current, errors sometimes arise in the 
designing of a TFT as it is not sufficient to use only these two control 
parameters. 

In consideration of this, the present inventors again thoroughly 
considered the "proportional relationship between depletion layer width and 
photoconductive current" and discovered that there is also a correlation 
between the sheet resistance of a drain region and photoconductive current. 
Thus, by making the additional factor of sheet resistance R a basis for 
evaluation, the control parameters become three. In comparison to prior 
art examples in which there were two control parameters, accuracy in the 
designing of a thin film transistor improves, and it becomes possible to 
suppress photoconductive current to a great degree. In the following, the 
relationship between depletion layer width and photoconductive current is 
first explained, and then the relationship between backlight luminance B, 
the sheet resistance R of a drain region, and the channel width W of a 
channel region is explained. Finally, the fundamentals of specific 



techniques of fabricating a TFT for suppressing photoconductive current are 
explained. 

First, the present inventors, along with measuring the relationship 
between the channel width of the channel region in a TFT and 
photoconductive current, measured the relationship between the sheet 
resistance of a drain region and photoconductive current. Next, by 
simulations, the present inventors carried out operation analysis and 
obtained a range of depletion layer widths. 

Fig. l(a) is a graph showing the relationship between the channel 
width W of the channel region in a TFT and photoconductive current (OFF 
current- Ioff). The relationship between the channel width W and 
photoconductive current Ioff is shown when light is applied, light that is 
6000 cd/cm 2 as represented by the solid line, 4000 cd/cm 2 as represented by 
the dashed line, and 2000 cd/cm 2 as represented by the dot-dash line. 

From Fig. l(a), it is clear that during light irradiation, OFF current 
Ioff is proportional to channel width W. Fig. l(b) is a graph showing the 
relationship between backlight luminance and photoconductive current; it 
could be confirmed that OFF current Ioff is proportional to backlight 
luminance B. 

Fig. 2(a) is a graph showing the results of a simulation of an electric 
field when a TFT is in the OFF state. From the results of the simulation 
shown in Fig. 2(a), it is understood that the electric field is almost 
completely concentrated in the junction portion of the channel/drain regions, 
and when the sheet resistance of an LDD region is 20 k£J/D (solid fine), the 
depletion layer width is about 0.5 pm, this depletion layer region extending 
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mostly into the channel side. By contrast, it is confirmed that when the 
sheet resistance is 100 k£2/D (dashed line), the depletion layer width is 
about 0.9 jim and spreads into the LDD region. 

Based on this, it was discovered that by changing sheet resistance, 
, 5 depletion layer width also changes. At this point, the present inventors 
investigated the relationship between sheet resistance and depletion layer 
width. The results are shown in Fig. 3. Fig. 3 shows the relationship 
between sheet resistance and depletion layer width obtained through a 
simulation. It is confirmed that depletion layer width Wd is proportional to 
10 sheet resistance R. It is thought that this is because the depletion layer 
extends into regions with low carrier concentration, as is the case with the 
spreading of a depletion layer in ap-n junction. The relationship between 
sheet resistance and depletion layer width shown in Fig. 3 is represented by 
the expression (7) below. 
15 (7) 

Wd = 8xl0" 3 R + 

Fig. 4 shows the results of measuring the relationship between 
depletion layer width and photoconductive current at a sheet resistance 
corresponding to the depletion layer width, the depletion layer width being 
20 obtained through a simulation where W=4 pm. 

Wh$n depletion layer width and photoconductive current are plotted by 
their respectiveTbg^rithms, a straight line with a slope of approximately 1 is 
obtained. This sugges^that photoconductive current is a brought about by 
the depletion layer region. Tnfcs^lationship between depletion layer width 
25 Wd and photoconductive current is represented by the expression (8) below. 
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(8) 

I photo =5xW-"Wd 

In the expression (8) above, I photo IS the amount of photoconductive 
current per 1 cd/m 2 of light intensity when the channel width is 4 pm. 

From the expression (8) above, it was discovered that there is a 
proportional relationship between depletion layer width Wd and 
photoconductive current Iphoto. Controlling (reducing) the depletion layer 
width according to this makes it possible to keep the photoconductive 
current at or less than a permissible value and to thus provide a thin film 
transistor that does not bring about image quality degradation such as 
luminance gradation and crosstalk and that realizes high performance and 
high reliability It should be noted that a "permissible value" is a value of, 
for example, 10 pA or less as will be discussed later. 

In addition, as is understood from Fig. l(a), because I G ff is proportional 
to channel width W and to light intensity B, I 0 fr and Iphoto satisfy the 
relationship shown in the expression (9) below. 

(9) 

Therefore, when Iphoto IS eliminated from the above expression (9) and 
expression (8), the expression (10) below results. 

(10) 

LA 4/ ( W ■ = 5 x 10 " 15 • wd 



Then, when depletion layer width Wd is eliminated from the above 
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expressions (7) and (10), the expression (ll) below is obtained. As is 
understood from Fig. l(a), Lff is proportional to channel width W. 

(11) 

R = I off \0 ]7 /(B W)-30 

However, in order to maintain high image quality, it is generally 
necessary that the value of Iofr be 10 pA or less. The reason for this is 
explained below. Fig. 5 shows an equivalent circuit of an active matrix. 

As the OFF resistance Roff of a TFT decreases, it becomes impossible to 
maintain an electric charge until the next writing, resulting in voltage loss. 
The pixel voltage V after time T has elapsed is as represented by expression 
(12). 

(12) 

V = V 0 {l-exp[T/(R off xCtot)]} 

Note that Ctot=Cs+Clc. 

Making the OFF current (Roff=V s d/Ioff) of a TFT a parameter, the results 
of a simulation of time and voltage loss are shown in Fig. 6. From Fig. 6, it 
is confirmed that with a hold time of 16 msec (1/60 Hz), in order to keep 
voltage loss to 0.02 V or less, it is necessary that OFF current be 10 pA or 
less when light from the backlight is being applied. 

Thus, when I 0 fr in the expression (ll) is 10 pA or less, the following 
expression is obtained. 

(6) 

(7? + 30).£ ^<1010- 12 10- 17 =lxl0 6 



Because the value that suppresses the OFF current varies depending 
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on the conditions under which a thin film transistor is used, this 
relationship can be represented by the expression (5) below. 

(5) 

(R + 30)BW<C 

It should be noted that C is a constant determined from the photoconductive 
current. 

In such a manner, a thin film transistor that satisfies the above 
expression (6) can suppress photoconductive current, and therefore, it is 
made possible to prevent crosstalk and luminance gradation and to realize 
excellent image quality, high performance, and high reliability. 

Although the above expression (6) includes backlight luminance of a 
liquid crystal panel, in general the thin film transistor is not limited to use 
only in a transmissive-type display provided with a backlight. Therefore, 
supposing backlight luminance is at the highest, 5000 cd/m 2 , the expression 
(6) becomes 

(20 

(i? + 30) W<2x\0 2 

and a thin film transistor satisfying the above expression (20 can be 
achieved without relation to the backlight luminance B, in other words 
regardless of whether the thin film transistor is used in a transmissive-type 
or reflective-type display. 

It should be noted that a thin film transistor satisfying the above 
expression (20 can provide better performance if the expression (2) below is 
also satisfied. 
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(2) 

(R + 30) W <lxl0 3 

It is also possible to represent the expression (ll) as in expression (ll') 
below. 

(110 

(R + 30) W <(I off \0- l7 )/B 
When constant A, determined by Ioff and B, is substituted for the right 
side of the above expression (llO, expression (llO may be represented by the 
expression (l) below: 

(1) 

(R + 30) W<A 

where A is a constant determined by photoconductive current and light 
intensity. 

Moreover, in the foregoing structure of a TFT, by forming an LDD 
region, it is possible to suppress the photoconductive current, which as 
described earlier is proportional to the depletion layer width, without the 
depletion layer spreading beyond the LDD region. Fig. 16(a) and 16(b) 
show the results of a simulation of an electric field in the channel region and 
an LDD region when a TFT is in the OFF state (when V g =-10V and V d =6V). 

From the results of this simulation, it was confirmed that the region 
exposed to an electric field is dependant on sheet resistance. When the 
sheet resistance of the LDD region is 20 kQ/D, the depletion layer width is 
about 0.4 pm, and when the sheet resistance is 100 kQ/D, the depletion 
layer width is about 1.0 pm. 
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It should be noted that the foregoing was carried out with the channel 
width at 4 iim, but that when the channel width of the channel region is 
miniaturized to 2 jim or less, the relational expressions (l) and (2) are 
especially effective guidelines for the fabrication of a thin film transistor. 

In the following embodiments, the fabrication of a TFT is specifically 
described based on the foregoing simulations. 
Embodiment 1-1 

Fig. 7 is a schematic cross sectional view of a liquid crystal display 
device utilizing as the pixel switching element a thin film transistor in 
accordance with embodiment 1*1 of the present invention, Fig. 8 is a 
schematic cross sectional view of a thin film transistor in accordance with 
embodiment 1-1 of the present invention, and Fig. 9 is a schematic plan 
view of Fig. 8. 

As shown in Fig. 7, a liquid crystal display device 50 is a 
transmissive-type liquid crystal display device provided with a liquid crystal 
panel portion 51, a backlight portion 52 disposed on the rear surface side of 
the liquid crystal panel 51, and the like. The liquid crystal panel portion 
51 comprises polarizing plates 53 and 53, glass substrates 2 and 54b, thin 
film transistors 1 arranged in a matrix, pixel electrodes 55, orientation films 
56, a liquid crystal layer 57, a common electrode 58, and the like. 

The thin film transistors 1 (hereinafter referred to as TFTs) and the 
pixel electrodes 55 are formed on the glass substrate 2, and the common 
electrode 58 is formed on the substrate 54b. The orientation films 56 and 
56 composed of polyimide resin are formed on the substrates 2 and 54b 
respectively, the orientation films 56 and 56 having undergone rubbing 
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treatment beforehand such that the orientation directions of the orientation 
films are perpendicular to one another, and the glass substrates 2 and 54b 
are positioned facing each other with spacers, not shown in the figure, 
disposed therebetween. 

The liquid crystal layer 57 is sandwiched between the substrates 2 and 
54b, and liquid crystal in the liquid crystal layer 57 is set to a twist of 90°. 
The polarizing plates 53 and 53 are arranged on the outer surfaces of the 
substrates 2 and 54b so that the angles of vibration of light that passes 
through the polarizing plates are parallel to one another. 

The backlight portion 52 is disposed on the rear (lower) side of the 
liquid crystal panel portion 51. The backlight portion 52 comprises a 
light* emitting element such as a cold-cathode tube, a light scattering plate 
for uniformly distributing light, and the like. 

The thin film transistor is now described using Figs. 8 and 9. 

The thin film transistor 1 is constructed such that a polycrystalline 

o 

silicon layer 3 having a thickness of 500 A, a gate insulating layer 4 
composed of Si02 (silicon dioxide) and having a thickness of 1000 A, a gate 
electrode 5a composed of aluminum, and an interlayer insulating layer 6 
composed of Si02 f are stacked on the glass substrate 2 in that order. 

The polycrystalline silicon layer 3 comprises a channel region 3c 
located directly below the gate electrode 5a, a source region 3a (n+ layer) 
having a high impurity concentration, and a drain region (n+ layer) 3b 
having a high impurity concentration. In the present embodiment, the 
length AL of LDD regions (n- layer) 3d and 3e is fixed at 0.4 urn. The 
channel width W of the channel region 3c is fixed at 5 pm. 
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The TFT is designed such that the expression (6) below is satisfied 
where the sheet resistance of the drain region is R (kQ/d), the luminance of 
the backlight portion 52 of the liquid crystal display device 50 using the 
active matrix TFT is B (cd/m 2 ), and the channel width of the channel region 
3c is W (jam). 

(6) 

(R + 30)B -W = I off <lxl0 6 

In TFT 1, a source electrode 7 and a drain electrode 8 composed of, for 
example, aluminum are also provided. The source electrode 7 is connected 
to the source region 3a by a contact hole 9a which is formed in the gate 
insulating layer 4 and the interlayer insulating layer 6, and the drain 
electrode 8 is connected to the drain region 3b via a contact hole 9b which is 
formed in the gate insulating layer 4 and the interlayer insulating layer 6. 

A method of producing a thin film transistor is now described. Fig. 
10(a) to 10(h) are schematic cross sectional views showing a method of 
producing a thin film transistor in accordance with embodiment 1-1 of the 
present invention, Fig. llG) to ll(m) are schematic cross sectional views 
showing the same method of producing a thin film transistor, and Fig. 12 is 
a flow chart showing the same method of producing a thin film transistor. 

(l) First, an a Si layer 15 having a film thickness of 500 A is deposited 
on the glass substrate 2 by plasma CVD, and dehydrogenation is carried out 
at 400°C (Fig. 10(a)). The purpose of this dehydrogenation is to prevent 
ablation of the Si film by the desorption of hydrogen when crystallization is 
carried out. For the step of forming the a Si, in addition to plasma CVD, it 
is also possible to utilize processes such as reduced pressure CVD and 
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sputtering. Moreover, by utilizing these methods such as the plasma CVD 
method, a polysilicon film can be directly deposited on the substrate. In 
these cases, the need for -a laser-annealing step discussed later is 
eliminated. 

(2) The melting and recrystallization (transformation into p Si) of the 
a~Si layer 15 is then carried out by laser annealing utilizing an excimer 
laser having a wavelength of 308 nm to form a poly crystalline silicon layer 
16 (Fig. 10(b)). 

(3) The polycrystalline silicon layer 16 is then made into a specified 
island-shape to form a polycrystalline silicon layer 3 (Fig. 10(c)). 

(4) An Si02 (silicon dioxide) layer having a thickness of 1000 A, which 
later forms the gate insulating layer 4, is then formed on the glass substrate 
2 such that the polycrystalline silicon layer 3 is covered (Fig. 10(d)). 

(5) A metal layer 17 composed of aluminum, which later forms the gate 
electrode 5a, is then formed (Fig. 10(e)). 

(6) The metal layer 17 is then patterned into a specified shape to form 
the gate electrode 5a (Fig. 10(f)). 

(7) Impurity doping is then carried out using the gate electrode 5a as a 
mask (Fig. 10(g)). Specifically, doping is carried out by the ion doping 
method using phosphorus ions as the impurity. In this way, the channel 
region 3c located directly below the gate electrode 5a is not doped with 
impurities. Except for this channel region 3c of the polycrystalline silicon 
layer 3, the layer is doped with impurities. This doping is carried out at an 
acceleration voltage of 80 kV and a beam current density of 1 pA/cm 2 to 
fabricate n-type regions by high acceleration voltage. 
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(8) A photoresist 18 is then formed covering the gate electrode 5a (Fig. 
10(h)). 

(9) The photoresist 18 is then patterned by anisotropic etching to form 
a resist film 5b (Fig. 11 (0). Here, the anistropic etching makes it possible 
to form the pattern of resist film 5b precisely. 

(10) As shown in Fig. ll(j), the second impurity doping is then carried 
out using the resist film 5b as a mask. Specifically, doping is carried out by 
the ion doping method using phosphorus ions as the impurity. This doping 
is carried out at an acceleration voltage of 12 kV and a beam current density 
of 0.5 jiA/cm 2 to fabricate high concentration n-type regions by low 
acceleration voltage. 

(l l) The interlayer insulating layer (SiOx) 6 is then formed (Fig. 1 l(k)). 

(12) The contact holes 9a and 9b are then opened in the interlayer 
insulating layer 6 and the gate insulating layer 4 (Fig. ll(L)). 

(13) Finally, the contact holes 9a and 9b are filled in with metal layers 
of, for example, Al by the sputtering method, and the upper portions of the 
metal layers are patterned into specified shapes to form the source electrode 
7 and the drain electrode 8 (Fig. ll(m)). In this way, TFT 1 is produced. 

In the foregoing example, although a method of producing an 
nchannel TFT was described, a p channel TFT can be produced in the same 
way. 

When light of 5000 cd/m 2 is applied from the rear surface of the thin 
film transistor fabricated by the production method described, the resulting 
OFF current is approximately 5 pA. As was stated earlier, during 
backlight irradiation, it is necessary that the OFF current be 10 pA or less. 
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Thus, the thin film transistor according to the present embodiment can 
ensure good display characteristics. 

The voltage-current characteristics of thin film transistors are shown 
in Fig. 13, and the variation in OFF current within the area of the substrate 
is shown in Fig. 14. As shown in Fig. 13, the TFT 1 (graph L3) according to 
the present embodiment ensures a steady, large ON current and a small 
OFF current. As illustrated by Fig. 14, the TFT 1 fabricated in this way 
makes the variation in OFF current on the surface of the substrate minimal. 

Fig. 15 shows the results of a simulation of the Vg-Id characteristics of 

& 7 

/a thin filkj transistor with the concentration of the n-type region as the 
parameter. ^Rflien the sheet resistance of the LDD regions is 20 kQ/D or 
less, the OFF current suddenly increases. Therefore, it is necessary that 
the sheet resistance oiT the LDD regions be at least 20 kO/D or higher. On 
the other hand, when th^sheet resistance of the LDD regions is 100 kO/D 
or higher, the ON current oiNJie transistor diminishes and operation of the 
panel becomes unstable. TKI^efore, it is preferable that the sheet 
resistance of the LDD regions be wimin the range of 20 kO/Dto 100 kO/D. 

Generally, the backlight luminance is at the highest, approximately 
5000 cd/m 2 . In this case, in order to keep the photoconductive current to 10 
pA or less, the depletion layer width Wd is obtained as follows. By 
substituting W=4, B=5000, and I o ff=10xl0 12 in the expression (10), a 
depletion layer width is obtained wherein Wd=0.4 pm. 

Because the depletion layer width does not exceed the length of the 
LDD regions, by making the length AL of the LDD regions 0.4 pm or less, 
the depletion layer region is effectively 0.4 pm or less, making it possible to 
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realize a structure that suppresses (to 10 pA or less) photoconductive 
current. It should be noted that it is preferable that the LDD regions have 
a length greater than 0.1 pm as the electric field relaxation effect 
disappears when the length of the LDD regions is less than 0.1 pm, causing 
the OFF current to increase as is shown in Fig. 2(b). 

In the expression (10), when the backlight luminance B is for example 
2000 cd/m 2 , the depletion layer width Wd isl pm. 

Therefore, because the depletion layer width does not exceed the length 
of the LDD regions, by making the length AL of the LDD regions 1.0 pm or 
less, the depletion layer region is effectively 1.0 pm or less, making it 
possible to suppress photoconductive current. It is even more preferable 
that the depletion layer width be 0.4 pm or less. 

A device that is found, in an inspecting step, to have LDD regions with 

a length that exceeds 1.0 pm cannot meet the requirements for OFF 

characteristics. Therefore, by carrying out an inspecting step in which a 

TFT having LDD regions with a length AL of 1.0 pm or less is designated as 

a quality product, it is possible to distinguish quality products from inferior 

o 

products and to eliminate the wasting of material in the production of 
panels. 

As shown in Table 1, it was confirmed that with the TFTs of Examples 
1 to 3 (those which satisfy the expression (2)), it is possible to suppress OFF 
current during irradiation of light, but with the TFTs of Examples 4 and 5 
(those which do not satisfy the expression (6)), it is not possible to suppress 
OFF current during irradiation of fight. 
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B (cd/m2) 



Table 1 
W(iim) 



R (kQ/D) 



OFF current 



Example 1 
Example 2 
Example 3 
Example 4 
Example 5 



3000 
5000 
5000 
3000 
5000 



4 
2 
3 
4 
4 



50 
50 
30 
80 
50 



good 
good 
good 
bad 
bad 



In this way, by satisfying the relationship in the expression (6) between 
the new controlling factor (the sheet resistance of the drain region) and the 
channel width of the channel region, it is possible to regulate the range in 
which OFF current (photoconductive current) is suppressed during 
irradiation of light. Thus, by fabricating a thin film transistor that 
satisfies the relationship in the expression (6), OFF current can be 
suppressed, making it possible to provide a thin film transistor that can 
prevent crosstalk and luminance gradation and that realizes high 
performance efficient and high reliability. 
Embodiment 1-2 

A method of producing a thin film transistor in accordance to 
embodiment 1-2 of the present invention is described. 

The thin film transistor according to the present embodiment 12 is 
such that LDD regions are formed to a short length of from 0.2 pm to 0.5 pm 
by anodic oxidation. As a result, the region on the drain side becomes a 
high concentration impurity region, and thus the depletion layer width does 
not spread beyond the length of the LDD region, making it possible to 
suppress photoconductive current. A specific description of the production 
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method is described as follows. Fig. 17(a) to 17(g) are schematic cross 
sectional views showing a method of producing a thin film transistor in 
accordance with embodiment 12 of the present invention, and Fig. 18(h) to 
18(j) are schematic cross sectional views showing the same method of 
producing a thin film transistor. 

In the same manner as embodiment 1-1, an a~Si layer 15 is deposited 
on a glass substrate 2, and melting and recrystallization (transformation 
into p-Si) is then carried out by laser annealing utilizing an excimer laser 
having a wavelength of 308 nm to form a polycrystalline silicon layer 16. 
The polycrystalline silicon layer 16 is then made into a specified 
island-shape to form a polycrystalline silicon layer 3. A gate insulating 
film 4 is then formed on the glass substrate 2 such that the polycrystalline 
silicon layer 3 is covered. (Figs. 17(a) to 17(d)) 

A metal layer 17 is then formed, a photoresist 17a formed in a pattern 
on the metal layer 17, and the metal film 17 patterned by an etching 
technique to form a gate electrode 5a. The side surfaces of the gate 
electrode 5a are then anodically oxidized to form oxide insulating layers 5b. 
(Fig. 17(0). 

As is shown in Fig. 17(g), impurity doping is then carried out using the 
gate electrode 5a as a mask. Specifically, doping is carried out by the ion 
doping method using phosphorus ions as the impurity. In this way, the 
channel region 3c located directly below the gate electrode 5a is not doped 
with impurities. In addition, in regions located directly below oxide 
insulating layers 5b and 5b, LDD regions 3d and 3e are formed and on the 
outer sides of these regions a channel region 3a and a drain region 3b are 
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formed. 

As is shown in Fig. 18(h) to 18(j), an interlayer insulating layer (SiOx) 
6 is then formed, contact holes 9a and 9b are opened in the interlayer 
insulating layer 6 and the gate insulating layer 4, and the contact holes 9a 
and 9b are filled in with metal layers of Al, for example, by a sputtering 
method, and the upper portions of the metal layers are patterned into 
specified shapes to form the source electrode 7 and the drain electrode 8. 
Thus, a TFT is fabricated. 

The anodic oxidization carried out in the present embodiment makes it 
possible to form the LDD regions to a short length of from 0.2 pm to 0.5 pm. 
Because of this, the region on the drain side becomes a high concentration 
impurity region, and thus, the depletion layer width does not spread beyond 
the length of the LDD region. Therefore, it is made possible to suppress 
photoconductive current to a small value. 

By this means, when the thin film transistor is OFF, a reduction in 
OFF current is realized because the low concentration impurity region 
becomes a high resistance layer that is drained of carriers. A guideline for 
the length of the LDD regions can be determined from the expression (2), 
eliminating the need to ensure a length for the LDD regions more than is 
necessary for the reduction of OFF current. By satisfying the expression 
(6) in addition to the expression (2), when the transistor is on, electrons that 
serve as carriers gather in the low concentration impurity regions under the 
gate electrode in response to the electric field of the gate electrode, making a 
low resistance region, and a reduction in ON current does not occur. Thus, 
thin film transistors that satisfy both the expression (2) and the expression 



37 

(6) make it possible to hold OFF current to a small value while ensuring 
sufficient ON current. 

Additionally, by employing for the impurity doping a low acceleration 
ion doping method carried out at an acceleration voltage in the range of 
from 10 kV to 30 kV and a beam current density in the range of from 0.5 
pA/cm 2 to 1 pA/cm 2 , damage caused during doping is reduced because the 
acceleration voltage of the ions is low during the ion doping. Furthermore, 
in cases where a resist is used as a mask during the impurity doping, the 
resist is not altered and may be easily removed. 
Embodiment 1-3 

The present embodiment 1*3 is described with reference to Figs. 19 to 

22. 

Fig. 19 is a plan view showing the wiring pattern of a OMOS inverter 
that utilizes thin film transistors in accordance with embodiment 1-3 of the 
present invention, Fig. 20 is a diagram of the equivalent circuit of the 
C MOS inverter, and Fig. 21 is a cross sectional view of Fig. 19 taken along 
line X-X\ 

A OMOS inverter 50 is comprised in a driver circuit of, for example, a 
liquid crystal display device. This OMOS inverter 50 comprises an 
nchannel TFT 22 and a p-channel TFT 23. The n-channel TFT 22 has the 
same construction as that of the n channel TFT 1 of embodiment 1, and like 
parts are accorded like reference numerals. 

The p channel TFT 23 is a conventional TFT without an LDD structure. 
More specifically, the TFT 23 is constructed such that a polycrystalline 
silicon layer 24, a gate insulating layer 4 composed of Si02 (silicon dioxide), 
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a gate electrode 25 composed of aluminum, and an interlayer insulating 
layer 6 composed of Si02 are deposited in that order on a glass substrate 2. 
The poly crystalline silicon layer 24 comprises a channel region 24c located 
directly below the gate electrode 25, a source region 24a (p+ layer), and a 
drain region 24b (p+ layer), the source region 24a and the drain region 24b 
being disposed on either side of a channel region 24c. A source electrode 26 
and a drain electrode 27 composed of, for example, aluminum are provided 
in the TFT 23. The source electrode 26 is connected to the source region 
24a via a contact hole 28a formed in the gate insulating layer 4 and the 
interlayer insulating layer 6. The drain electrode 27 is connected to the 
drain region 24b via a contact hole 28b formed in the gate insulating 4 and 
the interlayer insulating layer 6. The gate electrode 5 of the n channel 
TFT 22 and the gate electrode 25 of the p -channel TFT 23 are commonly 
connected to an input terminal 30 as is shown in Fig. 20. The drain 
electrode 8 of the n-channel TFT 22 and the drain electrode 27 of the 
p-channel TFT 23 are commonly connected to an output terminal 31 as is 
shown in Fig. 19. 

In the present embodiment 1*3, only the drain side of the n-channel 
TFT has the LDD structure described in embodiment 1-1. Thus, it is made 
possible to reduce the size of the TFT, to keep the distance between the 
source and drain to approximately 6 pm, and to reduce size by about 50% in 
comparison with TFTs having an LDD region formed on either side of the 
source and drain, thereby realizing the miniaturization of TFTs. 

It should be noted that both the n channel TFT and the p channel TFT 
may have an LDD structure. However, in cases in which only one of the 
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n channel TFT and the pchannel TFT has an LDD structure in order to 
keep the area of the array substrate occupied by the circuit to a small area, 
it is preferable that the n-channel TFT have the LDD structure. This is 
due to the fact that in a comparison of the respective motilities of holes, 
which serve as the carriers in the p -channel TFT, and electrons, which serve 
as the carriers in an n-channel TFT, the mobility of electrons is significantly 
higher. Therefore, when the same electric field is applied to a p -channel 
TFT and an n channel TFT, because impact to the n channel TFT by the 
carriers is greater, the n-channel TFT is more easily degraded. Thus, from 
the standpoint of improving reliability in the preventing of degradation of a 
TFT, it is preferable that the n channel TFT have the LDD structure. 

The points of operation of a OMOS inverter during on/off when an 
n-channel transistor is biased are shown in Fig. 22. In the n-channel TFT 
of such an inverter, the gate electrode is operated by a voltage having a 
polarity with respect to the current source on the negative side such that the 
voltage is always higher than 0 V. Therefore, the current source oh the 
negative side always functions as the source electrode of the n-channel TFT 
and the output side always functions as the drain electrode. For this 
reason, employing a circuit in which this portion is such that only the 
output side portion has the construction described above contributes to a 
reduction in the area of the array substrate occupied by a portion of the 
circuit. It also contributes to a reduction in parasitic capacitance. 
Su pplementary Remarks 

Although in embodiments 11 to 1-3, LDD regions having one variety of 
concentration were described, the present invention is not limited to this. 
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Rather, a plurality of LDD regions having differing concentrations may be 
provided. Namely, constructing the LDD regions of a plurality of junction 
regions having impurity concentrations that gradually decrease in the 
direction of the channel region makes it possible to change impurity 
concentration at multiple levels and thus to further relax concentration of 
an electric field in the semiconductor layer. 

It is possible that an LDD region be formed only between the drain 
region and the channel region whereby it is made possible to reduce the 
area of the thin film transistor while still realizing the advantageous effects 
of a reduction in OFF current and the like. 

The embodiments 1-1 to 1-3 were described using top-gate TFTs, but 
the present invention may also be applied to bottom* gate TFTs. 

Thin film transistors described in embodiments 1-1 to 1-3 may be 
applied to EL devices in addition to liquid crystal display devices. In other 
words, a plurality of the thin film transistors of embodiments 11 to 1-3 
serving as switching elements are formed on a substrate, and by providing 
an EL device with this substrate, a structure that suppresses 
photoconductive current is realized. 

Second Invention Group 
General Concepts of the second invention group 

An object of the present embodiment is to hold the length of LDD 
regions to a necessary minimum and to suppress a reduction in ON current 
while also suppressing the OFF current of the thin film transistor 
(hereinafter referred to as "TFT"), thereby realizing a TFT having high 
performance and high reliability. In consideration of this, in order to 
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determine the truly necessary length for the LDD regions, the present 
inventors carried out operation analysis by simulations and determined how 
much the region exposed to an electric field extends. • 

Fig. 23(a) to 23(d) are graphs showing the results of a simulation of 
Vg ld characteristics when the length of an LDD region, the sheet resistance 
being the parameter, is changed from 0.5 pm to 3 jam. 

From these results, it was confirmed that Vg-Id characteristics are 
highly dependant on the concentration of the LDD region and not on the 
length of the LDD region. In the following, the reason for this is examined. 

Fig. 24(a) and 24(b) show the results of a simulation of an electric field 
in a channel region and an LDD region when a TFT is in the OFF state 
(Vg=-10V and Vd=6V). 

From the simulation results, it was confirmed that the length of the 
region exposed to an electric field is dependant on sheet resistance. When 
the sheet resistance is 20 kO/D, the length of the region is approximately 
0.4 pm and when the sheet resistance is 100 kQ/D, the length of the region 
is approximately 1.0 pm. 

Therefore, it was discovered that even if the LDD region is made larger 
than the region exposed to an electric field, there is no advantageous effects 
in terms of the electric field relaxation effect, but rather, it is only that the 
resistance is inserted in serial in the channel region of the transistor. 

Fig. 25(a) and 25(b) are graphs showing the relationship between the 
length (AL) of an LDD region and OFF current and the relationship between 
the length (AL) of an LDD region and ON current in an actual TFT having 
an LDD region. It should be noted that the sheet resistance of the LDD 
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region is 100 kQ/D. 

As is shown in Fig. 25a, even if the LDD region is made longer than 1.0 
pm, there is no further reduction in OFF current, as is reflected by the 
results of the simulation. In addition, as is shown in Fig. 25(b), when the 
LDD region is made longer than 1.5 pm, ON current is reduced without 
being sufficiently ensured. According to these results, setting the length of 
the LDD region to the range of from 1 pm to 1.5 iim makes it possible to 
hold the OFF current to a small value while ensuring a sufficient ON 
current. In the following embodiments, TFTs fabricated according to the 
simulations are specifically described. In the actual fabrication process of a 
TFT, in order to be certain that LDD regions like that described above are 
obtained, mask alignment may be determined using alignment marks as is 
described later. 
Embodiment 2-1 

Fig. 26 is a simplified cross sectional view of a thin film transistor in 
accordance with embodiment 21 of the present invention, and Fig. 27 is a 
schematic plan view of Fig. 26. 

In the present embodiment 21, an example of the present invention 
being applied to an n-channel thin film transistor is given. This thin film 
transistor (hereinafter referred to as "TFT") 101 is constructed such that a 
polycrystalline silicon layer 103 having a thickness of 500 A, a gate 
insulating layer 104 composed of Si02 (silicon dioxide) and having a 

o 

thickness of 1000 A, a gate electrode 105 composed of aluminum, and an 
interlayer insulating layer 106 composed of SK>2 are deposited in that order 
on a glass substrate 102. The gate electrode 105a is formed with a resist 
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film 105b formed thereon. It should be noted that a metal film may be 
used instead of the resist film 105b. 

The polycrystalline silicon layer 103 comprises a channel region 103c 
located directly below the gate electrode 105a, a source region 103a (n+ 
layer) having a high impurity concentration, a drain region (n+ layer) 103b 
having a high impurity concentration, and low concentration impurity 
regions (LDD regions- n- layers) 103d and 103e having low impurity 
concentrations. The low concentration impurity region 103d is interposed 
between the source region 103a and the channel region 103c, and the low 
concentration impurity region 103e is interposed between the drain region 
103b and the channel region 103c. These low concentration impurity 
regions 103d and 103e are located directly below portions 105b 1 and 105b2 
of the resist film 105b, which portions 105bl and 105b2 protrude from the 
gate electrode 105a. Therefore, the junction interface between the low 
concentration impurity region 103d and the source region 103a is 
substantially aligned with an end surface of the resist film 105b (the left 
side end surface in Fig. l), and the junction interface of the low 
concentration impurity region 103d and the channel region 103c is 
substantially aligned with an end surface of the gate electrode 105a (the left 
side end surface of Fig. l). Likewise, the junction interface between the 
low concentration impurity region 103e and the drain region 103b is 
substantially aligned with an end surface of the resist film 105b (the right 
side end surface in Fig. l), and the junction interface of the low 
concentration impurity region 103d and the channel region 103c is 
substantially aligned with the end surface of the gate electrode 105a (the 
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right side end surface of Fig. l). In the present embodiment, the length AL 
of the low concentration impurity region is set within the range of from 1 
lim to 1.5 jim and the channel width W to 5 iim. 

In the TFT 101, a source electrode 107 and a drain electrode 108 
composed of, for example, aluminum are provided. The source electrode 
107 is connected to the source region 103a via a contact hole 109a formed in 
the gate insulating layer 104 and the interlayer insulating layer 106. The 
drain electrode 108 is connected to the drain region 103b via a contact hole 
109b formed in the gate insulating layer 104 and the interlayer insulating 
layer 106. 

A method of producing a thin film transistor in accordance with 
embodiment 2-1 of the present invention is now described. Fig. 28(a) to 
28(h) and Fig. 29(a) to (e) are schematic cross sectional views showing a 
method of producing a thin film transistor in accordance with embodiment 
2-1 of the present invention, and Fig. 30 is a flow chart showing a method of 
producing a thin film transistor in accordance with embodiment 2-1 of the 
present invention. 

(l) First, an aSi layer 105 having a film thickness of 500 A is deposited 
on the glass substrate 102 by plasma CVD, and dehydrogenation is carried 
out at 400°C (Fig. 28(a)). The purpose of this dehydrogenation is to prevent 
ablation of the Si film by the desorption of hydrogen when crystallization is 
carried out. For the step of forming the aSi, in addition to plasma CVD, it 
is also possible to utilize processes such as reduced pressure CVD and 
sputtering. Moreover, by utilizing these methods such as the plasma CVD 
method, a polysilicon film can be directly deposited on the substrate. In 
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these cases, the need for a laser-annealing step discussed later is 
eliminated. 

(2) The melting and recrystallization (transformation into p Si) of. the 
aSi layer 115 is then carried out by laser annealing utilizing an excimer 
laser having a wavelength of 308 nm to form a polycrystalline silicon layer 
116 (Fig. 28(b)). 

(3) The polycrystalline silicon layer 116 is then made into a specified 
island-shape to form a polycrystalline silicon layer 103 (Fig. 28(c)). 

(4) A Si02 (silicon dioxide) layer having a thickness of 1000 A, which 
later forms the gate insulating layer 104, is then formed on the glass 
substrate 102 such that the polycrystalline silicon layer 103 is covered (Fig. 
28(d)). 

(5) A metal layer 117 composed of aluminum, which later forms the 
gate electrode 105a, is then formed (Fig. 28(e)). 

(6) The metal layer 117 is then patterned into a specified shape to form 
the gate electrode 105a (Fig. 28(0). 

(7) A first impurity doping is then carried out using the gate electrode 
105a as a mask (Fig. 28(g)). Specifically, the doping is carried out by the 
ion doping method using phosphorus ions as the impurity. In this way, the 
channel region 103c located directly below the gate electrode 105a is not 
doped with impurities, and the regions A and B of the polycrystalline silicon 
layer 103 not including the channel region 103c are doped with impurities to 
become an n- layer. This doping is carried out at an acceleration voltage of 
80 kV and a beam current density of 1 pA/cm 2 to fabricate low concentration 
n ~ type regions by high acceleration voltage. 
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(8) A photoresist 118 is then formed covering the gate electrode 105a 
(Fig. 28(h)). 

(9) The photoresist 118 is then patterned to form a resist film 105b (Fig. 
29(a)). The process of step (9) is now described in detail using Fig. 31 to 34. 
Fig. 31(a) to 31(d) are schematic cross sectional process diagrams 
illustrating the process of forming LDD regions, Fig. 32 a perspective view 
of the photomask and the substrate, Fig. 33(a) and 33(b) are plan views of 
the same, and Fig. 34(a) and 34(b) are schematic cross -sectional views of the 
thin film transistor after the formation of LDD regions. 

As shown in Fig. 7, a photomask 140 and the substrate 102 are 
disposed so as to be opposed to one other. A light source for aligning (not 
shown in the figure) is disposed in position above the photomask 140, and 
aligning is carried out by applying a laser beam from the light source for 
aligning to alignment marks 141 and 142 formed on each of the photomask 
140 and the substrate 102. 

In specified positions on the photomask 140 (102 positions in the 
corners of the photomask) the alignment marks 141, which are substantially 
square-shaped, are formed. In a central position of the photomask 140, the 
pattern (not shown in the figure) of a masking film to be transferred to the 
substrate 102 is formed. 

On the glass substrate 102, in positions corresponding to those of the 
alignment marks 141, the alignment marks 142 are formed. The 
alignment marks 142 are substantially square-shaped, transparent regions 
that are enclosed by black regions. Though not shown in the figure, the 
alignment marks 141 and 142 are not limited to a square shape, but may 
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have, for example, a circular shape. 

As is shown in Fig. 33(a), when the photomask 140 and the substrate 
102 are not misaligned, the alignment marks 141 formed on the photomask 
140 are aligned with the centers of the transparent regions of the alignment 
marks 142 formed on the substrate 102. When LDD regions are formed 
under these conditions, the length AL of the LDD regions 103d and 103e is 
set to 1.25 jim. 

Supposing the substrate 102 and the photomask 140 are misaligned 
and the alignment marks 141 do not fit into the alignment marks 142, it is 
understood that the length of the LDD regions formed becomes longer than 
1.5 pm, and thus in such cases, the substrate and the photomask are fixed 
so as to be aligned with the alignment marks 141 in the center of the 
alignment marks 142. Even if the alignment marks 141 are arranged so as 
to be in the center of the alignment marks 142, in practice, as is shown in 
Fig. 33 (b), there are cases of shifting in the horizontal direction in terms of 
space. However, in the present invention, because the accuracy of the 
alignment device is ± 0.25 jim, it is possible to carry out alignment so that 
the alignment marks 41 are positioned within the alignment marks 42. In 
such a way, as is shown in Fig. 34(a) and 34(b), the length of the LDD 
regions 3d and 3e formed can be kept within the range of from 1 pm to 1.5 
lim. It should be noted that while the accuracy of the alignment device is ± 
0.25 iim, supposing an alignment device having even better accuracy is used, 
variations in the LDD regions can be further reduced. 

The process of aligning the substrate and the photmask is now 
described. 
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As is shown in Fig. 31(a), a photoresist to become a masking film is 
formed on the gate electrode 105a. 

As is shown in Figs. 31(b) and 31(c), the photoresist is exposed through 
the photomask and developed to form a masking film 105b to a specified 
pattern. 

In this case, as has been discussed, exposure is carried out after it has 
been confirmed that the alignment marks 141 fit into the transparent 
portions of the alignment marks 142. 

(10) As shown in Fig. 29(b), the second impurity doping is then carried 
out using the resist film 105b as a mask. Specifically, the doping is carried 
out by the ion doping method using phosphorus ions as the impurity. This 
doping is carried out at an acceleration voltage of 12 kV and a beam current 
density of 0.5 pA/cm 2 to fabricate high concentration n-type regions by low 
acceleration voltage. 

By this means, regions of the polycrystalline silicon layer 103 not 
including a region located directly below the resist film 105b are doped with 
ions. Thus, regions not covered by the resist film 105b within the regions A 
and B that have already been doped with impurities in the first ion doping 
(corresponding to source region 103a and drain region 103b) are doped again 
with impurities to become high concentration impurity regions (n+ layers). 
On the other hand, regions covered by the resist film 105b within the 
regions A and B (corresponding to low concentration impurity regions 103d 
and 103e) are not doped with impurities at the time of the second ion doping 
and thus become low concentration impurity regions (n- layers). In this 
way, the low concentration impurity region 103d (n— layer) is formed 
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between the source region 103a (n+ layer) and the channel region 103c, and 
the low concentration impurity region 103e (n- layer) is formed between the 
drain region 103b (n+ layer) and the channel region 103c. Moreover, 
because the first ion doping is carried out using the gate electrode 105a as a 
mask and the second ion doping is carried out using the resist film 5b as a 
mask, the source region 103a, the low concentration impurity regions 103d 
and 103e, and the drain region 103b are formed so as to be self aligned to 
one another, and the overlapping portions of the gate electrode 5 and the 
source region 103a and that of the gate electrode 105 and the drain region 
103b are held to a short length to the extent that they do not need to be 
taken into account. Thus, it is made possible to form a thin film transistor 
having LDD regions with a length in the range of from 1 jim to 1.5 pm and 
to suppress, to as small a value as possible, reduction in ON current while 
holding OFF current to a small value. 

(11) The interlayer insulating layer (SiOx) 106 is then formed (Fig. 
29(c)). 

(12) The contact holes 109a and 109b are then opened in the interlayer 
insulating layer 106 and the gate insulating layer 104 (Fig. 29(d)). 

(13) Finally, the contact holes 109a and 109b are filled in with metal 
layers of Al, for example, by the sputtering method, and the upper portions 
of the metal layers are patterned into specified shapes to form the source 
electrode 107 and the drain electrode 108 (Fig. 29(e)). In this way, TFT 101 
is fabricated. 

In the foregoing example, a method of producing an nchannel TFT was 
described, however, a p -channel TFT can be produced in the same way. 
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Fig. 35 is a graph showing the current/voltage characteristics of a thin 
film transistor produced by the method described above. Fig. 36 is a graph 
showing the variation in OFF current within the area of a substrate. 

As is shown in Fig. 35, a TFT 101 (graph of L3) in accordance with the 
present embodiment 2*1 ensures a stable, large ON current and a small 
OFF current because the LDD regions, which are high resistance regions, 
have a short length in the range of from 1 pm to 1.5 pm. 

It is of course possible to make the length of the LDD regions even 
smaller by improving the alignment accuracy of the aligner. In addition, 
when the carrier concentration of the n- regions is increased, the region 
exposed to an electric field gets smaller, but because at the same time the 
peak value of the electric field increases, the OFF current increases. 

Fig. 37 is a graph showing a simulation of the Vg-Id characteristics of a 
thin film transistor, the concentration of the LDD regions being the 
parameter. 

When the sheet resistance of the LDD regions is 20 kQ/D, the OFF 
current suddenly increases. Therefore, it is necessary that the sheet 
resistance of the n-regions be a value at least 20 kO/D or higher. On the 
other hand, when the sheet resistance of the LDD regions is 100 kO/D or 
higher, the ON current of a transistor is reduced and the operation of the 
panel becomes unstable. Therefore, it is preferable that the sheet 
resistance of the LDD regions be in the range of from 20 kQ/D to 100 k£2/D. 

By employing for the first impurity doping a low acceleration ion 
doping method carried out at an acceleration voltage in the range of from 10 
kV to 30 kV and a beam current density in the range of from 0.5 pA/cm 2 to 1 
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pA/cm 2 , damage caused during doping is reduced because the acceleration 
voltage of the ions is low during the ion doping. 

In cases where a resist is used as a mask during the first impurity 
doping, the resist is not altered and may be easily removed. 

As for the second impurity doping, by employing a high acceleration 
ion doping method carried out at an acceleration voltage of 30 kV or higher 
and a beam current density of 1 iiA/cm 2 or higher makes it possible to 
implant a sufficient number of ions in the polysilicon at the time of the 
second ion doping. 

In the present embodiment 2-1, the length AL of the LDD regions in 
the TFT 101 are set in the range of from 1 pm to 1.5 pm, and operation is 
carried out under the conditions of a source- drain voltage Vic of 6V and a 
channel width W of 6 pm. However, because OFF current is generally 
determined by the electric field between the source and drain and the Vic is 
only applied to the channel region/LDD regions, the strength of the electric 
field is represented by Vlc/AL (Solid State Electron, 38, 2075 (1995)). The 
strength of the electric field is represented by the following expression. 

4xl0 6 <Vlc/AL<6x\0 6 

In addition, because the OFF current is proportional to the channel 
width W, the relationship between the length AL of the LDD regions, the 
source-drain voltage Vic, and the channel width W can be expressed by the 
expression (3) below. 

(3) 

M>(WVlc)l36 

The meaning of the expression (3) is now explained. In cases the size 
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of a TFT has been reduced, the values for AL and W become smaller, and 
along with this, the source-drain voltage Vic decreases. In consideration of 
this, the characteristics of TFTs in which the length AL of the LDD regions, 
the source- drain electrode Vic, and the channel width V have been varied 
are shown in Table 2. 

Table 2 





Vic 


AL 


Vlc/AL 


W 


WVlc/36 


3(W/L) 


ON 


OFF 




(V) 


(pi) 




(pm) 






current 


current 


Example 1 


6 


1 


610 6 


5 


0.83 


1.25 


good 


good 


Example 2 


6 


1.5 


410 s 


5 


0.83 


1.25 


bad 


good 


Example 3 


3 


0.5 


610 s 


5 


0.41 


1.25 


good 


good 


Example 4 


3 


0.75 


4- 106 


3 


0.25 


0.75 


good 


good 


Example 5 


6 


2 


3106 


5 


0.83 


1.25 


bad 


good 


Example 6 


6 


0.5 


12 10 s 


5 


0.83 


1.25 


good 


bad 


Example 7 


3 


1 


3106 


3 


0.25 


0.75 


bad 


good 



(L=12 pm, ON current good- ON current is ensured, OFF current good- OFF current is 
suppressed) 

As shown in Table 2, OFF current could be suppressed in Examples 1 
to 5 and 7 (those that satisfy expression (l)), but OFF current could not be 
suppressed in Example 6 (one that does not satisfy expression (3)). 

iiT x ddduirn the relation: hip between rhv* i-n^lli AL of the LDI» r< gions, 
the chaniiel width L of the channel region, and the channel width W of the 



channel regiohis represented by expression (40 below- 



(40 



AL<3(W/L) 

where W is the channel width of the channel region. 

The expression (4) illustrates the limits of ON current, the conditions 
being derived from the fact that ON current is proportional to W/L. The 
conditions of ON current are derived from the experimental results in which 
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ON current is reduced, where W/L=0.5 and AL is 1.5pm or less. As shown 
in Table 1, Examples 1,3, 4, and 6, in which expression (4) is satisfied, 
ensure the ON current. 

As for conditions desirable for ensuring ON current to a greater degree 
than is achieved by expression (4')> it is possible to ensure ON current by 
employing the expression (4) below. 

(4) 

AL<1.5-QV/L) 

Thus, when a thin film transistor is OFF, a reduction in OFF current is 
realized because the low concentration impurity region becomes a high 
resistance layer that is drained of carriers. In addition, a guideline for the 
length of the LDD regions can be determined from the expression (3), 
efiminating the need to ensure a length for the LDD region more than is 
necessary to reduce OFF current. By satisfying the expression (4) in 
addition to the expression (3), when the transistor is on, electrons that serve 
as carriers gather in the low concentration impurity regions under the gate 
electrode and a reduction in ON current does not occur. Thus, thin film 
transistors that satisfy both the expression (3) and the expression (4) make 
it possible to hold OFF current to a small value while ensuring sufficient 
ON current. 

It should be noted that operation was carried out at a channel width of 
5 pm, but that in cases in which the channel width W of the channel region 
is miniaturized to 2 jim or less, the relational expressions (3) and (4) are 
particularly effective guidelines in the fabricating of a thin film transistor. 
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Embodiment 2 2 

The present embodiment 2*2 is such that in the production process of 
embodiment 21, without employing alignment marks to obtain LDD regions 
having a length in the range of from 1 jim to 1.5 iim in the case of forming a 
resist film 105b, a thin film transistor having LDD regions with a length 
within the range described can be obtained by including an inspecting step 
of designating a TFT that satisfies the condition of having a length of LDD 
regions in the range of from 1 jim to 1.5 Jim a quality product. Therefore, 
while sufficiently ensuring ON current, it is possible to hold OFF current to 
a small value. It should be noted that, in the present embodiment 2-2, the 
LDD regions are not limited to those having a length in the range of from 1 
pm to 1.5 pm, but may be set within the range determined by expressions 
(3) and (4) described in embodiment 2*1. 
Supplementary Remarks 

Although in embodiments 2-1 to 2-2, low concentration impurity 
regions having one level of concentration were described, the present in 
invention is not limited to this. Rather, a plurality of low concentration 
impurity regions having differing concentrations may be provided. Namely, 
constructing the lightly doped region of a plurality of junction regions 
having impurity concentrations that gradually decrease in the direction of 
the channel region makes it possible to change impurity concentration at 
multiple levels and thus to further relax concentration of an electric field in 
the semiconductor layer. 

It is possible that the low concentration impurity region be formed only 
between the drain region and the channel region whereby it is made 
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possible to reduce the area of the thin film transistor while still realizing the 
advantageous effects of a reduction in OFF current and the like. Moreover, 
such a thin film transistor may have applications other than a liquid crystal 
display device. 

In the case of a OMOS inverter circuit, which has a p channel thin 
film transistor and an nchannel thin film transistor, at least the nchannel 
thin film transistor may be constituted by a thin film transistor in 
accordance to embodiment 2-1 or 22. 

INDUSTRIAL APPLICABILITY 
As is explained above, by employing the constructions of the present 
invention, the problems to be solved by the present invention are sufficiently 
overcome. 

Specifically, by the first invention group, while sufficiently ensuring 
ON current, it is made possible to hold photoconductive current to a small 
value during light irradiation. In addition, power consumption is reduced, 
and advantageous effects with respect to improvement in reliability and 
TFT characteristics are considerable. 

By the second invention group, it is possible to provide a thin film 
transistor that while sufficiently ensuring ON current, makes it possible to 
hold OFF current to a small value, and with which, power consumption is 
reduced and advantageous effects with respect to improvement in reliability 
and TFT characteristics are considerable. 



